Introduction {#sec1}
============

Endometriosis affects 10% of reproductive-age women, and approximately half of women with endometriosis have deep dyspareunia (pelvic pain with intercourse).[@bib1], [@bib2], [@bib3] The consequences of deep dyspareunia have been demonstrated in multiple studies, including negative effects on sexual function, relationships, and quality of life.[@bib4], [@bib5], [@bib6], [@bib7] Deep dyspareunia is differentiated from superficial dyspareunia (introital pain with intercourse),[@bib6] which is due primarily to vulvodynia.

There has been a call for more research into the pathophysiology of deep dyspareunia.[@bib2], [@bib8] Endometriosis of the cul-de-sac or uterosacral ligaments, especially deep (infiltrating) endometriosis of this region, is a known risk factor for deep dyspareunia.[@bib9], [@bib10], [@bib11] Treatment trials also have shown that management of endometriosis can alleviate deep dyspareunia in some patients.[@bib6], [@bib12], [@bib13], [@bib14] However, there is still phenotypic variability in deep dyspareunia that cannot be accounted for by the endometriosis alone. For example, clinicians will observe that one patient with cul-de-sac or uterosacral endometriosis might have severe deep dyspareunia, whereas another patient with the same cul-de-sac or uterosacral endometriosis might have minimal pain with intercourse. This was demonstrated in a study of women with cul-de-sac or uterosacral endometriosis: although cul-de-sac or uterosacral endometriosis increases the risk for deep dyspareunia, there was still wide variability in severity of deep dyspareunia reported by this population of women.[@bib15]

Thus, treatment of cul-de-sac or uterosacral endometriosis, although important, cannot be the sole management approach for deep dyspareunia. That is, there must be other causes of deep dyspareunia in this population of women. In addition to the cul-de-sac or uterosacral ligaments, deep dyspareunia could arise from contact with several other pelvic structures with proximity to the vagina ([Figure 1](#fig1){ref-type="fig"}): the bladder, the pelvic floor musculature, the cervix and uterus, and the adnexa. In some women, at least one of these anatomic structures can become tender and contact during deep penetration can lead to pain and deep dyspareunia. However, it is important to empirically validate whether tenderness of each anatomic site is associated with deep dyspareunia, similar to the cul-de-sac or uterosacral ligaments, so that clinicians know whether tenderness of each site can be a contributor to a patient's deep dyspareunia and thus a potential treatment target. It also is important to provide some insight into the underlying etiologic factors for each tender anatomic site, which in turn would guide management. For example, it is clear that surgical excision of cul-de-sac or uterosacral endometriosis can be a treatment for deep dyspareunia.[@bib12] However, what is less clear are the clinical conditions or risk factors that could give rise to tender bladder, pelvic floor, cervix and uterus, or adnexa, which also could be potential therapeutic targets for deep dyspareunia.Figure 1Putative anatomic sites in the vaginal canal that could be contacted during deep penetration and lead to deep dyspareunia. A standardized endovaginal ultrasound-assisted pelvic examination was carried out to palpate each anatomic site for tenderness (present vs absent) to objectively reproduce deep dyspareunia, as previously published.[@bib16], [@bib17], [@bib18]

Therefore, our primary research question was whether tenderness in other pelvic structures (bladder, pelvic floor, cervix and uterus, and adnexa)---in addition to the known importance of tenderness of the cul-de-sac or uterosacral ligaments in endometriosis---is associated with severity of deep dyspareunia. Using multivariable regression, our hypothesis was that each of these pelvic structures would have an independent association with severity of deep dyspareunia. The clinical importance of this analysis is that it establishes whether tenderness of each anatomic site potentially has an independent contribution to deep dyspareunia. This guides the clinician in formulating a differential diagnosis for the deep dyspareunia. For example, in a given patient, deep dyspareunia could be due to independent contributions from the cul-de-sac or uterosacral ligaments, the bladder, the pelvic floor, and the uterus and cervix, each of which might require specific management, as described below.

Our secondary question was whether there are specific clinical factors associated with tenderness of each pelvic structure to provide insight into possible etiologic mechanisms for the development of tenderness. Endometriosis commonly grows in the cul-de-sac or uterosacral ligaments, and thus we hypothesized that endometriosis would be associated with tenderness of the cul-de-sac or uterosacral ligaments as described earlier. However, endometriosis rarely invades the bladder or reaches the pelvic floor or grows on the surface of the cervix and uterus. Therefore, we hypothesized that there would alternative mechanisms for tenderness of these structures. Alternative mechanisms could include painful bladder syndrome, psychological comorbidities such as depression, or dietary factors. In addition to endometriosis, these alternative mechanisms could be modifiable as part of a multidisciplinary treatment plan for deep dyspareunia.

Aims {#sec2}
====

To provide a systematic assessment of anatomic tenderness in deep dyspareunia and the associated clinical factors, a standardized endovaginal ultrasound-assisted pelvic examination was used to palpate each anatomic structure to detect tenderness and reproduce deep dyspareunia ([Figure 1](#fig1){ref-type="fig"}).

Methods {#sec3}
=======

Study Setting {#sec3.1}
-------------

In this study, we analyzed cross-sectional baseline data from a prospective database at a tertiary referral center for endometriosis and/or pelvic pain. The details of this database have been previously described.[@bib16] Participants in the prospective database were recruited from new or re-referrals to the center who were seen from December 2013 through April 2015. All participants provided prospective informed consent, and the study received institutional ethics approval from the University of British Columbia (Vancouver, BC, Canada; H11-02882). All data were entered prospectively into an online Research Electronic Data Capture (REDCap) database. The prospective database was designed to study baseline features associated with severity of different types of pelvic pain (including deep dyspareunia) and predictors of change in pain severity over 5 years (currently in progress).

Study Population {#sec3.2}
----------------

Inclusion criteria were (i) patient completion of a standardized online questionnaire before assessment by a gynecologist at the center and (ii) full assessment by a gynecologist, including review of the patient questionnaire and patient medical records and performance of a standardized endovaginal ultrasound-assisted pelvic examination to palpate anatomic structures and reproduce deep dyspareunia ([Figure 1](#fig1){ref-type="fig"}).[@bib17], [@bib18], [@bib19] On average, the questionnaires were completed 2 weeks before the full assessment.

Exclusion criteria were (i) menopause; (ii) age at least 50 years; (iii) previous hysterectomy; (iv) previous oophorectomy; (v) incomplete examination; and/or (vi) patient stated that the primary outcome (severity of deep dyspareunia) was not applicable to her (ie, not sexually active). The reason for exclusion criteria i and ii was to exclude atrophy as a cause of dyspareunia. In addition, none of the participants had rare causes of deep dyspareunia such as anatomic abnormality (eg, vaginal septum) or active infection (eg, cervicitis or pelvic inflammatory disease).

Primary Outcome {#sec3.3}
---------------

Primary outcome from the patient online questionnaire was severity of deep dyspareunia rated on a numeric pain rating scale from 0 to 10 according to recommendations for endometriosis research.[@bib20] Deep dyspareunia was specifically differentiated from superficial dyspareunia and other pelvic pain symptoms (dysmenorrhea, chronic pelvic pain, dyschezia, and back pain) using a series of standardized questions.[@bib16]

Anatomic Sites of Tenderness {#sec3.4}
----------------------------

Gynecologists at the center (n = 4) performed an endovaginal ultrasound-assisted pelvic examination for tenderness using a standardized approach described in previous studies[@bib17], [@bib18], [@bib19] ([Figure 1](#fig1){ref-type="fig"}). The reason for the use of endovaginal ultrasound palpation is to directly visualize palpated structures and to access difficult-to-reach structures at pelvic examination.[@bib16] Each anatomic site that putatively could be contacted at deep penetration and lead to deep dyspareunia was palpated for tenderness at examination to objectively reproduce the deep dyspareunia ([Figure 1](#fig1){ref-type="fig"}): bladder, pelvic floor (levator ani), cervix and uterus, adnexa, and cul-de-sac or uterosacral ligaments. Pressure applied at each site was approximately 0.5 to 1 kg force, measured with a thimble algometer system (outside of patients). However, the algometer could not be attached to the endovaginal ultrasound probe because it disrupts the ultrasound image; thus, pressure was not measured for the endovaginal ultrasound-assisted palpation in the patients in the study. In response to the palpation, tenderness at each anatomic site was rated by the patient as absent, mild, moderate, or severe. Because severity of deep dyspareunia was weakly correlated with the mild, moderate, and severe tenderness ratings (data not shown), we classified tenderness at each anatomic site as a binary variable: "tender" if any tenderness was present or "non-tender" if tenderness was absent.

Associated Clinical Factors {#sec3.5}
---------------------------

Potential clinical factors associated with each tender anatomic site were identified from the patient standardized online questionnaire and from review of medical charts.

Endometriosis was classified into three groups: (i) endometriosis present (previous surgical diagnosis); (ii) endometriosis excluded (negative surgical result or no clinical suspicion by the gynecologist); or (iii) endometriosis suspected (no previous surgery, but clinically suspected by the gynecologist based on current palpable cul-de-sac or uterosacral nodule, current ovarian endometrioma at endovaginal ultrasound, or other features at history and examination).[@bib21], [@bib22] The reason for this classification is that Canadian guidelines recommend empiric medical therapy for suspected endometriosis, and therefore only a proportion of such patients undergo surgery.[@bib23] At the time of surgical diagnosis (group 1), surgical treatment (ablation or excision) also had been carried out.

Irritable bowel syndrome was diagnosed using the Rome III criteria,[@bib24] and painful bladder syndrome was based on criteria from the American Urological Association or the International Continence Society.[@bib25], [@bib26] Depression, anxiety, and pain catastrophizing symptoms were assessed using the validated Patient Health Quality--9 questionnaire,[@bib27] the Generalized Anxiety Disorder--7 questionnaire,[@bib28] and the Pain Catastrophizing Scale,[@bib29] respectively.

Other clinical factors included elements from patient demographics, reproductive history, medical-surgical history, family history, and social-behavioral variables, as previously described.[@bib16]

Statistical Analysis {#sec3.6}
--------------------

### Anatomic Sites of Tenderness {#sec3.6.1}

Tenderness at each anatomic site (bladder, pelvic floor, cervix and uterus, adnexa, and cul-de-sac or uterosacral ligaments) was coded as a binary variable (tender vs non-tender) and tested for associations with the primary outcome (severity of deep dyspareunia from 0 to 10; Mann-Whitney U-test). All anatomic sites with a significant association (*P* \< .05, uncorrected) were entered into a multivariable linear regression model. Sequential backward elimination was carried out with a threshold of a *P* equal to .05 until the final regression model (all anatomic sites with *P* \< .05). The goal of the multivariable linear regression was to identify anatomic sites with an independent association with severity of deep dyspareunia. In the multivariable linear regression modeling, we also considered possible confounding by referral status (re-referral or new referral), the attending gynecologist (n = 4), and a non-pelvic examination finding (abdominal wall pain assessed by the Carnett test,[@bib16] which is typically secondary to myofascial trigger points) to ensure the pelvic anatomic sites had a specific relation with deep dyspareunia.

### Associated Clinical Factors {#sec3.6.2}

For each anatomic site with an independent association with severity of deep dyspareunia in the final multivariable linear regression model, we tested for associations with the clinical factors (Mann-Whitney, χ^2^, or Fisher exact test). All clinical factors with a significant association (*P* \< .05, without adjustment for multiple testing) were entered into a multivariable logistic regression model for each anatomic site. Sequential backward elimination was performed using likelihood ratio modeling, until the final logistic regression model was reached (all clinical factors with *P* \< .05). The goal was to identify clinical factors with an independent association with each tender anatomic site.

### Sample Size {#sec3.6.3}

The analyses were performed on the first cohort of the ongoing prospective database at our center. The sample size of this cohort is 548. Based on data from a previous retrospective dataset,[@bib15] for the association between pelvic floor tenderness and severity of deep dyspareunia (with power = 0.99, α = 0.05, SD = 2.57, mean difference = 1.15, and incidence of pelvic floor tenderness = 33%), a sample size of 480 would be required.[@bib30]

### Other {#sec3.6.4}

The α value was a *P* value less than .05 (two-sided), with means described ± one SD and medians provided with the range. Missing data were excluded. Assumptions of multivariable regression were checked. We used SPSS 22.0 (IBM Corporation, Armonk, NY, USA).

Main outcome measure {#sec4}
====================

Severity of deep dyspareunia was rated on a numeric pain rating scale from 0 to 10, in accord with recommendations for endometriosis research[@bib20] and as we previously described.[@bib16] In particular, pain with deep penetration was differentiated from superficial dyspareunia (introital or initial entry pain), and rated from 0 (no pain) to 10 (worst pain imaginable).[@bib16]

Results {#sec5}
=======

Study Sample {#sec5.1}
------------

After an 87% consent rate, there were 548 participants who met the study criteria (see flowchart in the [Appendix](#appsec1){ref-type="sec"}). Demographics of the sample are presented in [Table 1](#tbl1){ref-type="table"}.Table 1DemographicsVariableMean ± SD (range) or %Age (y)34.5 ± 7.4BMI (kg/m^2^)25.3 ± 5.7Severity of deep dyspareunia (0--10)5.9 ± 3.2 (0--10)New referral vs re-referral76 (416/548) vs 24 (132/548)Endometriosis Prior surgical diagnosis54 (293/548) Clinically suspected16 (88/548) Excluded30 (167/548)Stage (if prior surgical diagnosis) I--II44 (128/293) III--IV45 (133/293) Unknown[∗](#tbl1fnlowast){ref-type="table-fn"}11 (32/293)Cul-de-sac or uterosacral nodule at current examination11 (62/548)Currently on hormonal suppression37 (204/548)Previous laparoscopies, median (range)1 (0--14)Currently taking neuromodulator (pain adjuvant)22 (123/548)Painful bladder syndrome42 (230/548)Currently on Elmiron[†](#tbl1fndagger){ref-type="table-fn"}3 (6/230)Irritable bowel syndrome53 (290/548)Ethnicity (Caucasian)75 (403/536)Sexual orientation (heterosexual)95 (498/535)Marital status (married)46 (247/534)Previous pregnancy49 (264/534)Currently employed75 (399/534)Education level, median2 y of collegeIncome, median (range)\$60,000--\$79,000Current smoking13 (71/534)Current drug use11 (59/530)[^1][^2][^3]

Anatomic Sites {#sec5.2}
--------------

Nineteen percent (102 of 548) of participants had a tender bladder, 28% (155 of 548) had a tender pelvic floor, 31% (168 of 548) had a tender cervix and uterus, 38% (209 of 548) had a tender adnexa, and 57% (313 of 548) had tender cul-de-sac or uterosacral ligaments. Seven percent (37 of 547) of participants had five tender anatomic sites, 9% (51 of 548) had four tender anatomic sites, 12% (64 of 548) had three tender anatomic sites, 19% (104 of 548) had two tender anatomic sites, 29% (158 of 548) had one tender anatomic site, and 24% (134 of 548) had no tenderness.

Severity of deep dyspareunia was significantly associated with tenderness of each anatomic site: bladder (*P* \< .001), pelvic floor (*P* \< .001), cervix and uterus (*P* \< .001), adnexa (*P* \< .001), and cul-de-sac or uterosacral ligaments (*P* \< .001; [Table 2](#tbl2){ref-type="table"}). In addition, the number of tender anatomic sites in a patient was significantly correlated with a greater severity of deep dyspareunia (Spearman r = 0.34, n = 548, *P* \< .001; [Figure 2](#fig2){ref-type="fig"}).Figure 2Severity of deep dyspareunia (mean ± SD) with an increasing number of tender anatomic sites (bladder, pelvic floor, cervix and uterus, cul-de-sac and uterosacral, and adnexa). Samples were no tender anatomic sites (24%; 134 of 548), one tender anatomic site (29%; 158 of 548), two tender anatomic sites (19%; 104 of 548), three tender anatomic sites (12%; 64 of 548), four tender anatomic sites (9%; 51 of 548), and five tender anatomic sites (7%; 37 of 547) (cases with four to five tender anatomic sites were grouped together because of samples \< 10%).Table 2Anatomic site tendernessAnatomic siteSeverity of deep dyspareunia (0--10)nMean ± SDMann-Whitney U*P* valueBladder Tender1027.4 ± 2.530,395.5\<.001 Non-tender4465.5 ± 3.2Pelvic floor Tender1557.0 ± 2.638,570.5\<.001 Non-tender3935.4 ± 3.3Cervix-uterus Tender1687.0 ± 2.841,181.5\<.001 Non-tender3805.4 ± 3.3Cul-de-sac or uterosacral ligaments Tender3136.6 ± 2.848,014.5\<.001 Non-tender2354.8 ± 3.4Adnexa Tender2096.4 ± 3.141,899.5\<.001 Non-tender3395.5 ± 3.2

Multivariable linear regression showed that the severity of deep dyspareunia was independently associated with tenderness of the bladder (*P* = .018), pelvic floor (*P* = .038), cervix and uterus (*P* = .008), and cul-de-sac or uterosacral ligaments (*P* \< .001), but not with tenderness of the adnexa (*P* = .92; [Table 3](#tbl3){ref-type="table"}). These independent associations were present even after controlling for possible confounding by referral status, the attending gynecologist, and a non-pelvic examination finding (abdominal wall pain by Carnett test; [Table 3](#tbl3){ref-type="table"}).Table 3Anatomic site tenderness (multivariable regression)Severity of deep dyspareunia (0--10)nMultivariable linear regression[∗](#tbl3fnlowast){ref-type="table-fn"}b (95% CI)[∗](#tbl3fnlowast){ref-type="table-fn"}t*P* valueAnatomic site Bladder  Tender1020.88 (0.15--1.60)2.38.018  Non-tender446 Pelvic floor  Tender1550.66 (0.04--1.28)2.08.038  Non-tender393 Cervix-uterus  Tender1680.84 (0.22--1.43)2.68.008  Non-tender380 Cul-de-sac or uterosacral ligaments  Tender3131.39 (0.85--1.93)5.05\< .001  Non-tender235 Adnexa  Tender209−0.05[†](#tbl3fndagger){ref-type="table-fn"} (−0.64 to 0.54)−0.10.92  Non-tender339Referral Re-referral1320.20[†](#tbl3fndagger){ref-type="table-fn"} (−0.41 to 0.82)0.87.39 New referral416Attending gynecologist 11850.86[†](#tbl3fndagger){ref-type="table-fn"} (−0.03 to 1.75)1.44.15 22030.61 (0.08--1.14)2.26.024 31000.62[†](#tbl3fndagger){ref-type="table-fn"} (−0.35 to 1.59)−0.011.00 460reference------Extrapelvic examination (abdominal wall pain by Carnett test) Yes1530.14[†](#tbl3fndagger){ref-type="table-fn"} (−0.50 to 0.77)0.20.84 No395[^4][^5][^6]

Associated Clinical Factors {#sec5.3}
---------------------------

For the four anatomic sites with an independent association with severity of deep dyspareunia (bladder, pelvic floor, cervix and uterus, and cul-de-sac or uterosacral ligaments), associations between tenderness at each anatomic site and clinical factors are presented in [Table 4](#tbl4){ref-type="table"}. Notably, tenderness of each anatomic site was not associated with the timing of the examination in the menstrual cycle or whether the patient was amenorrheic ([Table 4](#tbl4){ref-type="table"}). In addition, tenderness of the bladder, pelvic floor, and cervix and uterus was similarly present in women with and without endometriosis, whereas tenderness of the cul-de-sac or uterosacral ligaments was much more frequent in women with endometriosis ([Table 4](#tbl4){ref-type="table"}).Table 4Associations with clinical factors[∗](#tbl4fnlowast){ref-type="table-fn"}Clinical factor (binary and categorical variables)[†](#tbl4fndagger){ref-type="table-fn"}Bladder (% tender)Pelvic floor (% tender)Cervix and uterus (% tender)Cul-de-sac or uterosacral ligaments (% tender)Endometriosis[‡](#tbl4fnddagger){ref-type="table-fn"}NSNSNS*P* \< .001Painful bladder syndrome*P* \< .001[§](#tbl4fnsection){ref-type="table-fn"}*P* = .001*P* \< .001*P* = .004Irritable bowel syndrome*P* = .004NSNS*P* = .015Sexual orientation*P* = .048NSNSNSMiscarriageNSNS*P* \< .001NSAntidepressant use (current)[‖](#tbl4fnVerbar){ref-type="table-fn"}*P* = .002*P* = .008*P* = .033NSFamily history of chronic pain[¶](#tbl4fnpara){ref-type="table-fn"}*P* = .001*P* = .013NS*P* = .012Marital status*P* = .005NSNSNSSmoking*P* = .022NS*P* = .008NSDrug useNSNSNS*P* = .011Adult physical assault[\#](#tbl4fnhash){ref-type="table-fn"}*P* = .020NSNSNSAdult sexual assault[\#](#tbl4fnhash){ref-type="table-fn"}*P* = .005NSNSNSClinical factor (continuous and ordinal variables)[∗∗](#tbl4fnlowastlowast){ref-type="table-fn"}BladderPelvic floorCervix and uterusCul-de-sac or uterosacral ligamentsTender (n = 102)Non-tender (n = 446)Tender (n = 155)Non-tender (n = 393)Tender (n = 168)Non-tender (n = 380)Tender (n = 313)Non-tender (n = 235)Age (y)*P* \< .001[††](#tbl4fndaggerdagger){ref-type="table-fn"}*P* \< .001NSNSBMI (kg/m^2^)NS*P* = .027NSNSDepression (PHQ-9)*P* \< .001*P* \< .001*P* = .001*P* = .009Anxiety (GAD-7)*P* = .003*P* \< .001NSNSPain Catastrophizing Scale*P* \< .001*P* \< .001*P* \< .001*P* = .002Age pelvic pain started (y)NS*P* = .001NS*P* = .036Laparoscopies (n)NS*P* = .048NSNSAge at menarche (y)NS*P* = .027NSNSSeverity of dysmenorrhea (0--10)NS*P* = .006NSNSEducation[‡‡](#tbl4fnddaggerddagger){ref-type="table-fn"}*P* = .004*P* = .001*P* = .004*P* \< .001Income[§§](#tbl4fnsectionsection){ref-type="table-fn"}*P* = .001*P* \< .001NSNSRed meat consumption[‖‖](#tbl4fnVerbarVerbar){ref-type="table-fn"}NSNS*P* = .006NSAlcohol (drinks/wk)NS*P* = .009*P* = .006NS[^7][^8][^9][^10][^11][^12][^13][^14][^15][^16][^17][^18][^19]

Multivariable logistic regression was used to identify the clinical factors with an independent association with a tender bladder, pelvic floor, cervix and uterus, or cul-de-sac or uterosacral ligaments ([Table 5](#tbl5){ref-type="table"}).Table 5Associated clinical factors (multivariable regression)Risk factorAnatomic siteBladder (tender vs non-tender)Pelvic floor (tender vs non-tender)Cervix and uterus (tender vs non-tender)Cul-de-sac or uterosacral ligaments (tender vs non-tender)Exp\[b\] (95% CI)*P* valueExp\[b\] (95% CI)*P* valueExp\[b\] (95% CI)*P* valueExp\[b\] (95% CI)*P* valueEndometriosis[∗](#tbl5fnlowast){ref-type="table-fn"}\<.001 Present3.54 (2.00--6.25)\<.001 Suspected6.87 (3.69--12.8)\<.001 Excludedreference---Painful bladder syndrome[†](#tbl5fndagger){ref-type="table-fn"}2.90 (1.77--4.76)\<.0011.68 (1.12--2.50).0111.62 (1.11--2.38).013Age[‡](#tbl5fnddagger){ref-type="table-fn"}0.94 (0.91--0.97).0010.96 (0.94--0.99).012Depression[‡](#tbl5fnddagger){ref-type="table-fn"} (PHQ-9)1.05 (1.01--1.09).0081.07 (1.03--1.10)\<.001Pain Catastrophizing Scale[‡](#tbl5fnddagger){ref-type="table-fn"}1.03 (1.01--1.04)\<.001Miscarriage[†](#tbl5fndagger){ref-type="table-fn"}2.24 (1.42--3.53).001Family history of chronic pain[∗](#tbl5fnlowast){ref-type="table-fn"}.009.016 Yes1.81 (1.01--3.24).0451.96 (1.23--3.11).005 Don't know2.45 (1.37--4.39).0031.40 (0.87--2.24).16 Noreference---reference---Education[§](#tbl5fnsection){ref-type="table-fn"}0.84 (0.73--0.97).0150.80 (0.70--0.91).001Income[§](#tbl5fnsection){ref-type="table-fn"}0.87 (0.76--0.98).025Red meat consumption[§](#tbl5fnsection){ref-type="table-fn"}1.41 (1.06--1.89).019[^20][^21][^22][^23][^24]

For the bladder, the following clinical factors had an independent association with a tender bladder: more severe depression symptoms (*P* = .008), painful bladder syndrome (*P* \< .001), family history of chronic pain (*P* = .009), and younger age (*P* \< .001; [Table 5](#tbl5){ref-type="table"}). Antidepressant usage (selective serotonin reuptake inhibitors and serotonin-norepinephrine reuptake inhibitors, but excluding bupropion; [Table 4](#tbl4){ref-type="table"}) was not in the final regression model.

For the pelvic floor, the following clinical factors had an independent association with a tender pelvic floor: more severe depression symptoms (*P* = .001), younger age (*P* = .012), lower education level (*P* = .015), and lower income (*P* = .025; [Table 5](#tbl5){ref-type="table"}). Similarly, antidepressant usage was not in the final regression model.

For the cervix and uterus, the following clinical factors had an independent association with a tender cervix and uterus: history of at least one miscarriage (*P* = .001), higher red meat consumption (*P* = .019), more pain catastrophizing (*P* \< .001), and painful bladder syndrome (*P* = .011; [Table 5](#tbl5){ref-type="table"}). Furthermore, the number of miscarriages was higher in women with a tender cervix and uterus compared with women with a non-tender cervix and uterus in the entire sample (Mann-Whitney U = 34273, n = 532, *P* \< .001) and in the subset who had been pregnant at least once (Mann-Whitney U = 9223, n = 262, *P* = .010).

For the cul-de-sac or uterosacral ligaments, the following clinical factors had an independent association with tenderness of the cul-de-sac or uterosacral ligaments: endometriosis (*P* \< .001), painful bladder syndrome (*P* = .013), family history of chronic pain (*P* = .016), and lower level of education (*P* = .001; [Table 5](#tbl5){ref-type="table"}). A cul-de-sac or uterosacral nodule at examination (ie, evidence of deep endometriosis) was further associated with tenderness: 69% (43 of 62) of those with a nodule had tenderness of the cul-de-sac or uterosacral ligaments, whereas 55% (142 of 257) of those without a nodule had tenderness of the cul-de-sac or uterosacral ligaments (Fisher exact test, *P* = .046).

Discussion {#sec6}
==========

In this study of baseline features of a prospective cohort of women at a tertiary referral center for endometriosis and pelvic pain, we found that severity of deep dyspareunia was independently associated with tenderness of four anatomic sites: the bladder, pelvic floor (levator ani), cervix and uterus, and cul-de-sac or uterosacral ligaments. Thus, we propose that each of these four anatomic sites could be contacted during deep penetration and lead to deep dyspareunia ([Figure 1](#fig1){ref-type="fig"}). In addition, the number of tender anatomic sites in a patient was associated with more severe deep dyspareunia ([Figure 2](#fig2){ref-type="fig"}), suggesting that the association between the four anatomic sites and deep dyspareunia is cumulative. In contrast, there was no independent association with the adnexa, which makes anatomic sense because the ovaries are usually situated farther superiorly from the vaginal apex and are the least likely structure to be contacted during intercourse.

Strengths of the study include its sample size and consent rate (≥500 subjects and 87%), controlling for confounding, validated questionnaires, and comprehensive approach that assessed factors ranging from anatomic to dietary. The study also should be generalizable to other referral centers for endometriosis or pelvic pain, although not to patients who were excluded (eg, postmenopausal or after hysterectomy). A limitation is that we assessed for tenderness of only one pelvic floor component (levator ani); we did not record muscle tone or palpable trigger points and we did not use algometer testing to assess multiple pelvic floor muscles, which has been reported for chronic pelvic pain in general.[@bib31] Another limitation is that not all subjects had previous surgery to assess for endometriosis.

Each of the four anatomic sites had specific associated clinical factors at multivariable logistic regression ([Table 5](#tbl5){ref-type="table"}). As expected, we found that tenderness of the cul-de-sac or uterosacral ligaments was more frequent in women with endometriosis, in particular those with a cul-de-sac or uterosacral nodule (evidence of deep endometriosis).[@bib10], [@bib11], [@bib32] Tenderness of the cul-de-sac or uterosacral ligaments in endometriosis can arise from local neuroinflammation,[@bib33] and in previous work we found that local nerve density correlates to deep dyspareunia severity in cul-de-sac or uterosacral endometriosis.[@bib15] However, we also found that tenderness of the bladder, pelvic floor, and cervix and uterus was similarly present in women with and without endometriosis. This could account for why women with the same type and location of endometriosis can have wide variability in deep dyspareunia symptoms. For example, the patient with endometriosis who has tenderness of the cul-de-sac or uterosacral ligaments and the bladder, pelvic floor, and cervix and uterus is likely to have more severe deep dyspareunia compared with the patients with endometriosis who has tenderness of the cul-de-sac or uterosacral ligaments alone. This was demonstrated by the cumulative association of an increased number of tender sites with severity of deep dyspareunia ([Figure 2](#fig2){ref-type="fig"}).

For associated clinical factors, we also found that more severe depression symptoms were specifically associated with tenderness of the bladder and pelvic floor. This association was independent of antidepressant usage, indicating that the effect is not mediated by treatment side effects. Depression is associated with changes in genital physiology that predispose to tenderness (eg, less lubrication and genital blood flow).[@bib34], [@bib35] Depression also can exhibit its effects centrally, because it might be a marker for central nervous system changes that amplify peripheral nociception[@bib36] and can worsen the emotional aspects of pain, thereby increasing distress that can produce higher pain ratings. It was interesting that among psychological factors, only depression (and not anxiety or abuse) had an independent association with bladder and pelvic floor tenderness, suggesting a depression-specific effect on sexual pain in these patients. In a study of women with vulvodynia, we also found that depression was the specific psychological factor associated with concurrent deep dyspareunia.[@bib37] Similarly, a study on fibroids found a specific relation between deep dyspareunia and depression.[@bib38] Given this evidence, clinical trials targeting depression (cognitively or pharmacologically) to treat deep dyspareunia might be of interest. However, it is important to emphasize that depression also can be a consequence of deep dyspareunia (in addition to being a cause). Prospective cohort studies, including interventional studies to treat deep dyspareunia, will help to clarify to what degree depression is a cause of deep dyspareunia (rather than vice versa).

In addition, a history of miscarriage and red meat consumption were specifically associated with a tender cervix and uterus. The process of miscarriage might sensitize the uterus through persistent uterine inflammation or neurogenesis. Uterine inflammation and neurogenesis have been described in conditions such as endometriosis and adenomyosis.[@bib39], [@bib40] Miscarriage could be another trigger for these processes. Alternatively, clinical features of the miscarriage might be important, such as mode of pregnancy loss (spontaneous, medical, or surgical), gestational age, infection, or retained products, which should be a focus of future research. For instance, surgical evacuation of a miscarriage requires instrumentation of the uterus, which could increase the risk of subsequent inflammation or neurogenesis. An older gestational age (and thus larger conceptus) could involve a more physically and emotionally traumatic miscarriage process, which also could increase risk. History of infection after miscarriage and/or retained products of conception also could be expected to potentially trigger ongoing inflammation or neurogenesis.

Interestingly, increased red meat consumption also was independently associated with a tender cervix and uterus. In previous studies, meat intake has been associated with increased estrogen levels,[@bib41] fibroids,[@bib42], [@bib43] and endometriosis,[@bib44] and increased estrogen levels could provoke local inflammation in the uterus.[@bib39] However, dietary information in our study came from a single questionnaire; thus, this finding requires confirmation with prospective daily dietary diaries. Pain catastrophizing also was increased in women a tender cervix and uterus, indicating that this subpopulation has greater magnification and rumination on pain symptoms. In contrast to a previous study, we did not find a relation between fibroids and deep dyspareunia.[@bib38] We also did not observe an association with adenomyosis at ultrasound, although the published literature on adenomyosis and deep dyspareunia is contradictory.[@bib45], [@bib46], [@bib47], [@bib48] In our study, venography for pelvic congestion syndrome was not performed.

Several other observations were made. Painful bladder syndrome was most strongly associated with tenderness of the bladder, as expected,[@bib49] but also was associated with tenderness of the cervix and uterus and the cul-de-sac or uterosacral ligaments, likely because this syndrome might be a marker for central sensitization and organ cross-sensitization[@bib50] (or perhaps because of a shared nervous supply from close anatomic-embryologic relations). Central sensitization involves an increase in nociceptive signaling in the central nervous system (thereby amplifying pain signals from peripheral sources), whereas cross-sensitization involves organ cross-talk at the level of the spinal cord, which can link pain symptoms in adjacent organs.[@bib50] We hypothesize that these two mechanisms could explain some of the tender sites in a given patient; however, this study was not designed to objectively test for evidence of sensitization and thus these mechanisms should be a topic of future investigation. Family history of chronic pain was associated with tenderness of the bladder and cul-de-sac or uterosacral ligaments, but this finding requires confirmation because it is subject to recall bias.

This study could provide a standardized framework for evaluation and pathophysiology-guided management of deep dyspareunia. Patients could be evaluated for sites of tenderness (cul-de-sac or uterosacral ligaments, uterus and cervix, bladder, and pelvic floor), which would guide management options. For example, the patient with cul-de-sac or uterosacral tenderness only might respond best to laparoscopy and excision of endometriosis lesions. In contrast, the patient with bladder or pelvic floor tenderness might benefit from treatment of depression or painful bladder syndrome, if present. Sexual therapy also should be considered in patients with decreases in desire, arousal, and/or orgasm associated with the deep dyspareunia. Patients with multiple sites of tenderness, likely from nervous system sensitization, would be best managed in a multidisciplinary setting including physiotherapy and cognitive therapies. An ideal center would be one where the full range of options could be offered to patients with deep dyspareunia in an integrated fashion, from full surgical excision of endometriosis to multidisciplinary approaches.

Conclusions {#sec7}
===========

In summary, we found that there were multiple anatomic sites (bladder, pelvic floor, and uterus and cervix) related to severity of deep dyspareunia in reproductive-age women at a referral center for endometriosis and pelvic pain, in addition to the known role of the cul-de-sac or uterosacral ligaments in those women with endometriosis. Thus, clinicians should be aware that there could be multiple anatomic factors for deep dyspareunia in this population (women with and without endometriosis). For example, if a patient has persistent deep dyspareunia even after surgical treatment of endometriosis of the cul-de-sac or uterosacral ligaments, the other anatomic sites should be assessed as potential contributors to the persistent deep dyspareunia. Currently, we are evaluating whether anatomic site of tenderness can predict response to surgery (or other treatments) in this ongoing prospective cohort.
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[^1]: BMI = body mass index.

[^2]: Unable to determine from operative note.

[^3]: Pentosan polysulfate sodium (Janssen Pharmaceuticals, Titusville, NJ, USA).

[^4]: CI = confidence interval.

[^5]: Analysis of variance (F~5,542~ = 17.0, *P* \< .001) for the final model after backward elimination (significant variables in final model: bladder, pelvic floor, cervix and uterus, cul-de-sac or uterosacral ligaments, and gynecologist 2).

[^6]: These b coefficients were from the initial model before backward elimination.

[^7]: BMI = body mass index; GAD-7 = Generalized Anxiety Disorder--7; NS = not significant; PHQ-9 = Patient Health Quality--9.

[^8]: See eTable 1 for descriptive statistics (eg, proportions and means).

[^9]: Binary and categorical variables without any significant associations: ethnicity (Caucasian vs other), current hormonal suppression, previous intrauterine device, tubal ligation, previous chlamydia, previous gonorrhea, previous pelvic inflammatory disease, retroverted uterus, adenomyosis, fibroid larger than 4 cm, vaginal birth, cesarean birth, termination, fibromyalgia, ruptured appendicitis, hernia surgery, memorable fall on the pelvis, currently working, child physical abuse, child sexual abuse, examination performed no more than or more than 14 days after last menstrual period, or patient is amenorrheic.

[^10]: See Methods for description.

[^11]: Fisher exact test.

[^12]: Selective serotonin reuptake inhibitors or serotonin-norepinephrine reuptake inhibitors, but excluding bupropion because of its known protective effects on sexual function.

[^13]: Categorical variable: yes, no, don't know.

[^14]: Categorical variable: yes, no, no answer.

[^15]: Continuous and ordinal variables without any significant associations: number of bleeding days in past 3 months, number of laparotomies, dairy product consumption, vegetable and fruit consumption, fish consumption, fiber consumption, fatty food consumption, sugary food consumption, exercise, and caffeine intake.

[^16]: Mann-Whitney U test.

[^17]: Education: some high school = 1, graduate high school = 2, some college = 3, graduate 2-year college = 4, graduate 4-year college = 5, postgraduate = 6.

[^18]: Income: less than \$20,000 = 1, \$20,000 to \$40,000 = 2, \$40,000 to \$60,000 = 3, \$60,000 to \$80,000 = 4, \$80,000 to \$100,000 = 5, more than \$100,000 = 6.

[^19]: Red meat: consumed never = 1, rarely = 2, few times per week = 3, or daily = 4.

[^20]: CI = confidence interval; PHQ-9 = Patient Health Quality--9.

[^21]: Categorical variable.

[^22]: Binary variable.

[^23]: Continuous variable.

[^24]: Ordinal variable (see [Table 4](#tbl4){ref-type="table"}).
